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Purpose/Objective: To theoretically and practically evaluate 
the effect of system latency on 4D SABR lung plans delivered 
using MLC tracking, and to determine the threshold latency, 
below which the impact on delivered dose is negligible. 
Materials and Methods: Five SABR lung patients were 
retrospectively studied. VMAT treatment plans using 6 MV 
flattened conformal arcs were created for an Agility MLC with 
a prescription of D95% = 55 Gy in 5 fractions. Breathing motion 
was assumed to follow a sin6(t) trajectory in the superior-
inferior direction with a peak-peak amplitude of 20 mm, a 
time period of 4s and a system latency of between 0 ms and 
500 ms. The offset of the MLC aperture with respect to the 
GTV as a function of time, resulting from the latency, was 
calculated and a histogram of aperture offsets created. This 
was used to superpose dose distributions calculated in 
Pinnacle3 for complete treatment plans offset at intervals of 
1 mm. This was repeated for a range of superior-inferior ITV 
margins designed to overcome the MLC offset due to latency. 
The impact of the latency on GTV D95% for the plan was 
evaluated. The zero-margin treatment plans were then 
delivered to a Delta4 phantom positioned on a motion 
platform. The treatment plans were firstly delivered to the 
static phantom and then delivered with varying deliberate 
system latencies of 0 ms to 500 ms in 100 ms steps. The MLC 
adjustment latency (69 ms) was overcome using a linear 
regression algorithm for the 0 ms case, and was included in 
the overall system latency for the other cases. The measured 
dose was compared to that for the static phantom using a 
gamma index for 1% and 1 mm. 
Results: Figure 1a shows the calculated mean GTV D95% for 
various latencies and ITV margins. If the maximum drop in 
D95% due to latency is considered to be 2% (dotted line in 
figure), a system latency of around 150 ms is acceptable. If a 
1-mm ITV margin is used, a system latency of 350 ms is 
acceptable. However, using an ITV margin increases the 
volume of normal tissue irradiated, with lung V13Gy increasing 
from 3.7% to 5.7% as the margin is increased from 0 mm to 5 
mm. Figure 1b shows the mean (±1 SD) percentage of 
measurement points within 1% and 1 mm of the static 
measured dose for varying latency. Latencies of less than 200 




Conclusions: The modelling study shows that, for the 
sinusoidal motion trajectory considered, a system latency of 
less than 150 ms has a negligible impact on the dose 
distribution delivered using SABR with MLC tracking. A much 
larger latency is acceptable if a 1-2 mm ITV margin is used. 
The result for the absence of an ITV margin is confirmed by 
the experimental study, in which the Agility MLC is shown to 
successfully track the GTV during the VMAT delivery. The 
desired system latency can be accomplished either using a 
tracking system with an inherently fast response or using a 
motion predictor to reduce the effective latency. 
We are grateful to Elekta AB (Stockholm, Sweden) for their 
collaboration on this project.  
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Purpose/Objective: Intra-fraction motion during prostate 
cancer radiation is a known phenomenon. Discrepancies up to 
5mm were seen in gold seed match between before- and mid 
treatment 2D kV-imaging. The recently released imaging 
application Triggered Imaging (TI, Varian Medical Systems, 
Palo Alto CA) allows to generate kV images at predefined 
intervals during irradiation. The application can 
automatically detect fiducial markers to monitor intra-
